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A B S T R A C T   
This study describes three fundamental quality-enhancing business models in the Norwegian cod industry, which 
challenge the traditional and dominant volume-focused wild catch model: a quality-enhancing Live storage 
model, a quality-enhancing Farm raised model, and a Wild-caught Quality model. Furthermore, the study ex-
plores whether the models are sustainable based on their performance over almost two decades along three 
critical dimensions: capability to counteract seasonal fluctuations, ability to obtain a premium price, and growth 
potential. Finally, the paper outlines managerial and political implications of the findings.   
1. Introduction 
In several of the worlds largest fisheries migration patterns induce 
seasonal harvesting triggered by fixed fluctuations in catch per unit 
effort. If the character of the migration pattern also includes that the 
most valuable part of the fish stock in short and predictable part of the 
year, migrate from high seas to areas close to the shore, the economic 
incentive for seasonal harvesting is strong. This explains the rationality 
of seasonality [1]. The migration pattern of important species in worlds 
fisheries like anchovetas, herring, capelin, cod and salmon are examples 
that gives strong economic incentives for seasonal harvesting. However, 
concentration of landings in space and time leads to challenges related 
to capacity adjustment, quality, logistics and continuity in customer 
supply. Of course, this is especially true in high end markets based on 
fresh raw materials. 
Different strategies are implemented to overcome challenges related 
to quality and deliverability issues created by seasonal harvesting. One 
strategy is to modify harvesting to improve quality and reduce season-
ality, i.e. harvest in periods with lower catch per unit effort with fishing 
method that improve quality. Another strategy is to focus on other 
production concepts like aquaculture and catch based aquaculture to 
meet shortcomings in seasonal harvesting of wild fish. According to 
Barange et al. [2]; almost 50% of the global supply of seafood in 2016 
origins from aquaculture, indicating that this concept has proven to add 
significant volume and value to the worlds supply of seafood. 
This paper analyses how three different strategies are implemented 
and perform in one of the largest traditional seasonal fisheries – har-
vesting of arctic cod. 
Most of the Norwegian coastal cod fishing activities takes place in a 
hectic winter season determined by the migration pattern of the fish [1]. 
In season, the cod is near the coast and easily accessible. Therefore, the 
coastal fleet lands about 90% of its total fresh cod quantity in February 
to April [3]. There are many advantages with seasonal fishing, such as 
low harvesting costs, high catch rates, large fish sizes, and access to 
valuable by-products like liver and roe [4,5]. However, the quality of the 
fresh cod landed varies, and poor quality propagates throughout the 
value chain [6]. It affects the post-harvest production schedules, that is, 
their labor input, fish yield, production flexibility, and thus the costs of 
production. Finally, poor quality of the raw material affects the value of 
the end products, and for the fresh fish market, quality variations lead to 
reduced predictability [7]. 
In a well-functioning market, it is expected that quality affect the 
price of the fish sold. The economic literature on this issue is, however, 
not unambiguous. Asche et al. [8] show that cod price varies with a 
number of attributes such as size and which month the fish is landed. 
Pettersen et al. [9] show a well integrated market [10]. show that also in 
retail, price vary systematically with product attributes, including if the 
fish is line-caught. However, in a recent study, Henriksen and Nyrud [3] 
found little correlation between price and quality in the firsthand mar-
ket for winter- and spring-caught fresh cod in Norway. Large quantities 
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were rewarded over quality, regardless of the gear used. The study 
concluded that the market is characterized by a failure with respect to 
reward quality. This finding is in line with sampling based on objective 
quality measurements, which revealed that price differences are mar-
ginal or even nonexistent in the firsthand cod market [11]. A poorly 
functioning pricing mechanism provides no incentives to fishermen to 
supply quality as the extra costs incurred by handling and delivering 
high-quality fish is not compensated in the price of the fish sold.1 This is 
a critical weakness of the traditional Wild-caught Volume model of the 
Norwegian cod fishery. As a consequence, it continues to generate 
quality-based waste [3,7]. 
Weaknesses of the traditional model can, however, be exploited by 
other business models that focus on delivering premium cod quality. 
Iversen et al. [5] point out that a considerable proportion of fresh quality 
fish is sold to customers who pay well, a feature that has been shown to 
be exploited by the Icelandic cod industry (Kuntsson et al., 2016) and 
even more so by aquaculture producers who have even more control 
with the production process [12]. The preference for fresh fish indicates 
that producers should aim at providing stable supplies of high-quality 
fish throughout the year, even though this is challenging. Moreover, 
retail markets are consolidating, and supermarkets strive to offer the 
same product portfolio all year round as this reduce cost [13,14]. 
Against this backdrop, there is a need for innovative business models 
that can better satisfy the consumers’ need for stable supplies of fresh 
quality cod if cod is to maintain or improve its market position.2 Thus, 
this paper argues that quality-enhancing business models (QEBM) have 
the potential to promote a more customer-oriented quality logic to add 
value in natural resource–based industries such as the Norwegian cod 
industry. The QEBMs have emerged in the wake of the quality problems 
that have resulted from the dominant volume model of the Norwegian 
cod industry [7]. 
The first QEBM discussed is the Live storage model designed to 
extend the natural, short, and hectic cod season. However, how long the 
cod can be stored live without being fed is limited by the regulations, 
limiting this models usefulness. As a result, a process is underway to 
develop the Live storage model into a catch-based aquaculture model, 
which can extend the season even further. The second model described 
is the Farm raised model, which can theoretically deliver fresh quality 
cod throughout the year. The third and final QEBM discussed is built on 
the traditional wild cod fishery. In this Wild-caught Quality model, 
quality-enhancing fishing gear, such as handlines and longlines, is 
applied more often than the gear used presently. 
The overarching purpose of the present study is to investigate 
whether the QEBMs analyzed are economically sustainable. This is a 
prerequisite for the models to be able to challenge the traditional vol-
ume model in the Norwegian cod industry [7]. More specifically, the 
strong seasonal pattern of the traditional volume model leads to the 
market being undersupplied with fresh quality cod in the second half of 
the year. This is a weakness that can be exploited by new business 
models. The first research question raised is thus: 
RQ 1: Are the QEBMs capable of dampening the seasonality pattern 
of the traditional cod fishing model? 
Moreover, additional costs will incur for actors who supply high- 
quality fresh cod. Hence, they depend on obtaining a price premium 
for the fish supplied to cover the extra costs. The next research question 
therefore is: 
RQ 2: Are the QEBMs able to achieve a price premium relative to the 
traditional model on the fish sold? 
The final research question focuses on the future growth potential of 
the models. Accordingly, their performance is analyzed over almost two 
decades, a time span considered sufficient for the models to demonstrate 
that they are capable of gaining and sustaining market shares. Research 
question three reads as follows: 
RQ 3: Do the QEBMs indicate a significant growth potential based on 
their historical performance? 
The rest of the paper is structured as follows. First, a detailed 
description is provided of the QEBMs that have emerged in the Nor-
wegian cod fishery during the last two decades. Thereafter, the method 
applied in this research endeavor is outlined, before presenting results. 
Finally, implications of the empirical findings are discussed. 
2. Quality-enhancing business models 
The primary purpose of a business is to drive growth and perfor-
mance while generating value for customers. A firm can achieve this 
goal through operating one or more business models. The business 
model concept describes the underlying logic by which a firm creates 
and captures values [15,16]. Teece defines a business model as “the 
manner by which the enterprise delivers value to customers, entices 
customers to pay for value, and converts those payments to profit” 
(2010, p. 172). Firms are today increasingly introducing dual or multi-
ple business models as a basis for growth and diversification [17–20]. 
Thus, the aim of the firm is to establish a unique bundle of business 
models that can deliver sustainable competitive advantages [20,21]. In 
this section, the basic attributes of different QEBMs that are imple-
mented in the Norwegian cod industry are discussed. 
2.1. The live storage model 
In this model, wild fish are caught live to be slaughtered later [22]. 
Thus, a partial control of the production cycle is ensured. Cod for live 
storage is mainly cought with Danish seine [23]; Standal and Sønvisen, 
2015). Fishing boats, which already have cod quotas, are engaged in 
catching cod for live storage. Consequently, there is a trade-off for the 
firm if the vessel is to operate as a “pure” wild catcher of fish or also add 
on live storage [13]. The fishermen deliver the live catch to land plants 
that store the cod in cages until slaughter [22]. Thus, fishermen invest in 
equipment for catching, transporting, and live storage. Moreover, the 
fish is owned by the fishermen until the sales note is written, and in most 
cases, this is when the fish is slaughtered [24]. 
To incentivize higher activity, since 2008, the authorities have sub-
sidized live storage through a temporary quota bonus of 4000 tons, 
which was reduced by 1000 in 2019. Live storage leads to increased 
harvesting and handling costs and additional costs and risk for the 
storage of live fish. These costs are partly compensated by a quota bonus 
meant to encourage live storage. The quota bonus gives fishermen who 
catch live cod a lower quota deduction. A 50% bonus means that only 
half the catch is deducted from the vessel’s quota [24]. The quota bonus 
makes this model more competitive relatively to the traditional 
Wild-caught Volume model. Live storage of cod has experienced periods 
of high activity when the quotas have been low and prices corre-
spondingly high, and vice versa when the quotas have been high [13]. 
Cod for live storage is caught in coastal waters and slaughtered 
outside the wild catch season. The cod is caught during its spawning 
migration or it may be younger cod that is feeding on capelin. The cod 
feeding on capelin has a particular growth potential (ibid.). The fish size 
when harvested and the growth potential provide good opportunities for 
supplying high-quality fresh cod in the best-paid size ranges. Out of 
season, demand and prices are higher as a result of small accessible 
quantities of wild-caught cod. In the case of live storage, the time of 
slaughter can be postponed and better adapted to the demand in the 
market [25]. In addition, the live-stored cod gives a price premium 
1 There are, of course, a number possible explanations for this. For instance, 
Homans and Wilen [64] show how a race to fish leads to the higher price fresh 
market not being served for Pacific halibut, and Asche and Smith [12] provide a 
more general discussion with respect to the relationship between regulatory 
system, markets and quality.  
2 This is a challenge in many markets for all fish. For instance, Shamshak 
et al. [65] discuss how cod and most other wild species is declining in impor-
tance in the U.S. market, and is replaced by farmed fish. 
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compared to wild-caught cod [26]. Historically, the price premium has 
been between 30% and 40% [13]. However, the price premium is 
affected by the cod price in traditional value chains. 
The cod is stressed when caught, and the blood volume in the mus-
cles increases. This reduces its quality when slaughtered. However, the 
recovery when stored alive causes the fish to get rid of stress-related 
blood in the muscles, which significantly improves the quality of the 
fish meat [25]. Catch damage can occur in the form of wounds and scars 
in the skin that become visible to the consumer [24]. However, the cod 
can recover from catch damage when it is stored in the interim. This 
further improves the quality of the fish [26]. Accordingly, the Live 
storage model has the potential to increase the quality of wild-caught 
cod [13]. Hermansen et al. [24] evaluated the raw material quality of 
live-stored fish. They found that the quality was significantly better than 
that of wild-caught fish. Given that live-stored cod is not stored too long 
without being fed or that it is fed properly during storage, the fish meat 
is of the highest quality [27]. 
Live storage increases the cost of catching wild cod. If this activity is 
to be profitable for the fishermen, the additional income must exceed the 
extra costs. Fishermen who choose to catch live cod do so for several 
reasons. Hermansen et al. [24] found that increased fish prices do not 
alone explain the increase in live store catches, as the quota bonus was 
crucial for profitability. Thus, the quota bonus cannot be removed until 
live storage becomes profitable in itself [26]. 
Other factors also affect the costs of the Live storage model. Her-
mansen et al. [24] indicate that possible alternative costs, weather 
conditions, and crew size are important. Furthermore, catch efficiency, 
knowledge, traditions, and the crew’s preferences influence the choice 
of a Live storage model. Catching cod for live storage also means that 
relatively large quantities of cod must be sorted on board. Moreover, the 
load capacity is reduced. Live storage can also impose increased risk and 
liquidity challenges for the firm since the payment of the fish is 
postponed. 
2.2. The farm raised model 
Cod farming differs from wild fish harvesting in that quotas are not 
required (The Norwegian Aquaculture Act, xx 4–6). Like other fish 
farming, the cod farmer controls the entire life cycle from eggs to ready- 
to-eat fish [28]. Thus, the farmer can adjust the time of slaughter and 
sale [29]. The fact that the cod farmer controls the production process is 
an important value driver in this model. 
The quality of whole fish and fillet from farmed cod has been 
assessed through market tests based on sensory quality attributes. The 
results show that farmed cod is a quality product. Among other things, 
appearance, freshness, skin color, consistency, smell, and total impres-
sion are considered. For all surveys, there was very good feedback on 
quality [30]. Thus, the quality gives farmed cod a strength compared to 
the quality challenges found in a significant portion of wild-caught cod. 
Price statistics for farmed and wild-caught cod indicate that the price 
formation of wild-caught cod strongly influences the price of farmed 
cod. Henriksen et al. [4] found that the largest quantity of farmed cod in 
the 2003–2017 period was sold in October–February as the market price 
peaked in these months. 
However, the cod farmers experienced major problems in gaining 
control of the production cycle. Cod fry need live feed in the earliest 
phases of life [31]. The production of fry has proven difficult, and this 
has driven up the prices and production cost in the model. 
Inferior-quality juveniles affect further growth, how resistant the fish is 
to diseases, and mortality in the production stage. Thus, high fry prices 
and low fry quality result in increased production costs for farmers. 
After outlay and during production, there are concerns with 
increased mortality, poor growth, escapes, diseases, and early sexual 
maturity. Overall, these issues have also contributed to high production 
costs. Gender maturation has led to increased mortality among female 
cod. In addition, a large proportion of farmed cod is already mature at 
two years [4]. Early maturation results in lower growth and a higher 
feed factor [32], and smaller fish also command a lower price [8]. 
Furthermore, diseases have contributed to major losses in the food fish 
stage [4]. Sogn-Grundvåg et al. [32] note that the disease francisellosis, 
which is a bacterium present in Atlantic cod, leads to high mortality. 
This disease alone has forced some cod farmers to liquidate their 
operations. 
Moreover, adaptation problems and stress have affected the feed 
intake of the fish and caused great growth variations. The publicly listed 
company Codfarmers was the biggest player in the Norwegian cod 
farming industry. This firm experienced problems of growing the cod 
into the best-paid size ranges. For the fish to achieve a good price, the 
slaughter weight must be more than 2 kg [4]. Escapes can also be a 
problem as both biomass and reputation are lost. Escapes can be due to 
poor equipment, untrained employees, and the cod’s behavior (ibid.). 
In 2006, cod farmers had NOK 13.63 in losses per kilogram of fish 
produced [32]. Calculations from 2009 show a production cost per ki-
logram round weight of NOK 40.5�, including well boat and slaughter 
costs [33]. Dundas [34] interviewed the eight largest companies in 
2009. Based on this information, the average production cost per kilo-
gram round fish was found to be NOK 28.92 before costs for well boat 
freight and slaughter. Henriksen et al. [4] examined the production costs 
of farmers who put out cod fry in 2015. Their estimated production costs 
were at the same level as salmon farming, which is about NOK 37.5/kg 
in 2018. 
When comparing cod farming with salmon farming, the latter also 
experienced high production costs in the early stages. However, as very 
little wild salmon was landed, salmon prices were very high. This 
resulted in profitable operations also in the early stages, despite high 
production costs. Furthermore, costs were reduced significantly as 
learning improved and quantity increased [35]. Cod farmers meet other 
market challenges as there is already a high supply of wild-caught cod. 
In the period from 2017 to 2019 farmed cod achieved a price that was 
only 60% of the price achieved for farmed salmon. At the same time the 
highest valued fresh wild caught cod (“Skrei”) achieved a price that was 
only 70% of farmed salmon (Statistics Norway). 
The long production cycle makes cod farming capital intensive. An 
outlay of 1.5 million fry in 2009 corresponded to costs of about NOK 
80–90 million [34]. The model involves large investments and risky 
binding of capital in equipment, fry, locations, and licenses. Capital tied 
up means that cod farmers are not flexible as they cannot switch easily to 
other forms of production [36]. Entry barriers to other concepts in the 
form of quotas, boats, and equipment further impair their flexibility. 
2.3. The wild-caught quality model 
Fish caught on lines have better and less varying quality than fish 
caught on other types of gear [3,6,37]. Gears like trawl, gill net, and 
Danish seine deliver fish with the most serious quality errors [3,5]. To 
achieve good quality of wild catches, it is crucial that the fish are not 
exhausted or stressed during the catch operation. Furthermore, the fish 
must be bled quickly, cooled well, and handled with care [38]. 
Accordingly, fish of good quality entail increased operating costs and 
reduced capacity utilization on boat and/or gear [5]. Hermansen and 
Dreyer [1] found that fishermen could downgrade quality to avoid such 
costs. 
To incentivize higher activity, the authorities have subsidized catch 
of fresh cod through a fresh fish scheme. The scheme means that vessels 
that land all catch freshly after the seasonal fishing receive a quota 
bonus on cod. The quota bonus is given regardless of whether the vessel 
has cod quotas left or not. A total of 16,840 tonnes of cod were allocated 
to the fresh fish scheme in 2019. 
In recent years, the Norwegian Seafood Council has established the 
quality brand “Skrei.” This is whole fresh skrei (cod), which is packed 
within 12 h after the catch, and extra effort has been made to secure the 
quality through all stages till the fish reach the customer. The purpose is 
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always to ensure a good and stable quality of cod/skrei. Thus, this 
campaign can be regarded as an extension of the Wild-caught Quality 
model. 
The Wild-caught Quality model is more in line with the Icelandic 
business model which focuses on high quality raw material and higher 
valued product forms such as fresh fillets [39,40]. Table 1 summarize 
key attributes of the QEBMs described. 
3. Method and data 
To investigate the research question whether the business models 
discussed are competing or complementary, this study provides a 
detailed empirical analysis of the production of fresh cod in Norway 
during 2002–2017. During this period, significant investments have 
been made in all three models. At the same time, the prerequisites to 
exploit their advantages and avoid their weaknesses were altered to such 
an extent that it becomes possible to study how sustainably the models 
have performed during significant environmental and institutional 
changes [41]. 
3.1. Business model as level of analysis 
This study focuses on the competitive advantage and performance 
differences between business models. A business model thus represents a 
strategic group of firms that apply the same value-creating concept. This 
implies that the analytical perspective is raised from a firm to a business 
model level. Several empirical studies have used a firm perspective at 
other levels of analysis than firms. This applies, for example, to Herv�as- 
Oliver and Albors-Garrig�os [42] who used the firm perspective to study 
business clusters, and Lawson [43] who used the firm perspective to 
conduct regional-level analysis while arguing that competence as a firm 
resource is just as relevant for a region as for companies. Maskell and 
Malmberg [44] also analyzed firm resources at the regional level. In 
addition to these empirical studies, classical Ricardian analyses utilize 
the firm resource perspective with nations as the level of analysis [45]. 
3.2. Choice of empirical context and time horizon 
The choice of theoretical perspective requires the study to choose a 
common industry to investigate the effects of the attributes of the 
different business models. Furthermore, it is recommended to use time 
series and an evolutionary approach [46]. The business models’ per-
formance during this period must also be measured. This measure must 
be able to represent how a business model creates value for customers 
and profit for the businesses operating in the same strategic group [20]. 
Moreover, explanatory variables that represent attributes of the business 
models must be constructed (ibid.). Also, the time period studied must 
be sufficiently long to compare the effects of variations of the attributes 
at different points in time [46]). This requires the study to select a period 
and find a context where the three business models studied have oper-
ated in parallel over time [36,47]. Finally, it must be possible to measure 
how the models perform in relation to each other during this period. 
This study uses secondary data for the time series. In addition to be less 
resource-intensive, these data are more transparent. The drawback is 
that secondary data do not always give as relevant answers to the 
research question as primary data [48]. 
3.3. Performance measurement 
Performance is a multidimensional concept, and can, for example, be 
measured by growth, market share, or firm profitability. Performance 
can also be measured using nonfinancial goals, such as flexibility and 
quality [36]. Barange et al. [2] point out that the world’s production of 
wild fish has stagnated in recent years. Globally, the growth in seafood 
quantity has come from business models such as Farm raised and 
catch-based aquaculture [49]. This study uses production quantity as a 
measure of how the business models have grown and thus performed in 
relation to each other. 
4. Empirical analysis 
This section presents empirical analyses that can shed light on the 
research questions raised in the introduction of this paper. 
RQ 1: Are the QEBMs capable of dampening the seasonality 
pattern of the traditional cod fishing model? 
Fig. 1 displays the seasonal pattern of the three models. 
The Wild-caught Quality model is strongly influenced by the Nor-
wegian “Skrei” season that takes place in January–April. The Live 
storage model largely replicates the traditional season, but with a 
certain lag toward May, June, July, and August. However, the Farm 
raised model fully exploits the other models’ weaknesses in supplying 
the market with fresh quality cod in the second half of the year, utilizing 
the higher degree of control with the production process. 
RQ 2: Are the QEBMs able to achieve a price premium relative to 
the traditional model on the fish sold? 
Fig. 2 shows the price premiums of the Farm raised model and the 
Live storage model relative to the Wild-caught Volume model, which is 
not capable of creating premium prices (Henriksen and Nyrud, 2019). 
Price premiums are calculated based on export and first hand prices 
for wild caught cod, live caught cod and farm raised cod. Fig. 2 shows 
that both the Live storage and the Farm raised models generate signif-
icant price premiums. Farm raised cod is paid by NOK 0–9 better per 
kilogram than cod supplied by handline and longline. The same goes for 
Live storage cod, which gives an annual price premium of NOK 2 to over 
NOK 8 per kilogram. The main reason for the price premiums is that Live 
storaged cod and Farmed raised cod are primarily sold in the second half 
of the year when prices are highest. The price premiums for both Live 
storaged and Farm raised cod dropped dramatically during the financial 
crisis of 2009. Please note that at the beginning and end of the time 
series, the volume of Farm raised cod was modest. 
RQ 3: Do the QEBMs indicate a significant growth potential 
based on their historical performance? 
Table 1 
Key attributes of the QEBMs of the Norwegian fresh cod industry.   
Wild-caught 
Quality model 




In-season supply of 




plants daily when 
weather permits. 
Season extension 
supply of fresh 
quality cod. Danish 
Seine fishing. Daily 
deliveries to land 
plants depending on 
weather. 
All-year supply of 













controlled partly by 
nature/regulations 
and the firm. 
Quota not required. 
Control of the entire 
life cycle from egg 
to ready-to-eat fish. 
Flexibility Small equipment 
investments needed 
to move the fishing 
vessel to the Live 
storage model. 
Small investments 
needed to reverse to 
the Wild-caught 






regarded as sunk 
cost. 
Scalability Restricted 
harvesting of a fully 
exploited species, 
but only a small 
portion of landings 
are of high quality. 
Limited scalability 
due to restrictions 




(refer to the 
Norwegian farmed 
salmon model). 
Subsidies Directly through a 
fresh fish scheme. 
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Fig. 3 illustrates the production volumes of the QEBMs discussed in 
the period 2002–2017. The historical trends that are plotted can provide 
a good indication of the future growth potential of the three models. 
4.1. The wild-caught quality model 
In Fig. 3, the volume of wild cod caught by handline and longline is 
measured against the right axis, which has a magnitude of nearly five 
times the left axis. Accordingly, the Wild-caught Volume model is the 
most significant when it comes to historical production volumes. During 
2002–2008, the model showed a declining trend despite the Norwegian 
cod quotas being stable during the same period (about 200,000 tons on 
average). However, the volume of the line-caught wild cod model 
doubled from 30,000 to 60,000 tons during the next six years. In this 
period, the Norwegian cod quota also doubled. Since 2015, the volume 
of the model has fallen sharply. This is also in line with falling cod 
quotas. In summary, the line-caught wild cod model roughly follows the 
volume fluctuations of the Norwegian cod quota, but the model has 
Fig. 1. Seasonality of QEBMs (2002–2017). Source: The Norwegian directorate of fisheries.  
Fig. 2. Price premiums of Live storage and Farm raised cod (2004–2017). Source: The Norwegian Fishermen’s Sales Organization.  
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trouble defending its share of the TAC when competing with less quality- 
oriented gear, such as gill nets, Danish seine, and trawl nets [7]. 
4.2. The farm raised model 
The Farm raised model shows a typical boom-and-bust development 
pattern. In the period 2002–2010, production with this model grew 
strongly. However, in 2011, the growth was replaced by an equally steep 
fall as it became difficult for the companies to finance deficits and 
further expansion following the financial crisis in 2008–2009. In addi-
tion, the Norwegian cod quota increased sharply in the years that fol-
lowed; thus, the model faced stronger competition from the wild fish 
sector. 
4.3. The live storage model 
The Live storage model shows promising growth since 2014 after the 
quota bonus was raised from 20% of the catch to 50% in 2013. 
Accordingly, to promote growth, this model may depend on a high quota 
bonus. The legitimacy of the quota bonus intervention is, however, 
debated strongly by stakeholders. In addition, a major challenge for this 
model has proven to be the ability to suspend slaughtering sufficiently to 
achieve the seasonal price premium during the late autumn. 
5. Discussion 
The need for sustainable seafood production is expected to intensify 
in the years to come [2]. Historically, the Norwegian cod fishery has 
been dominated by a Wild-caught Volume model, which is characterized 
by fishing as large volumes as possible with the highest possible CPUE 
[7]. 
The migration pattern of the cod, new technology that stimulates 
economies of scale [50], and a failure of the firsthand market to 
compensate fishermen pricewise for the extra effort needed to deliver 
high-quality fish [3] have reinforced the dominance of the volume 
model. 
This strategy has resulted in quality-based waste manifested by the 
reduced quality of the catch landed, a product mix dominated by low- 
end products, and limited socioeconomic value creation [7]. However, 
in the wake of the weaknesses of the traditional model, new business 
models have emerged, aspiring to supply the market with high-quality 
cod throughout the year. Examples of such models are the Live stor-
age model, the Farmed raised model, and the Wild-caught Quality 
model. The overarching purpose of this study was to discuss whether the 
QEBMs analyzed are economically sustainable as this is regarded as a 
prerequisite to challenge the traditional volume model (ibid.). More 
specifically, economic sustainability was empirically investigated along 
three dimensions: (1) the capability of the models to counteract seasonal 
fluctuations; (2) the ability of the models to obtain a price premium in 
the firsthand market; and (3) the growth potential of the models. 
5.1. Seasonality and price premium 
Different business models can compete and conflict with one 
another, thus resulting in cannibalization rather than creating synergies 
[51]. The essence of a business model is to define how a business adds 
value for customers, gets customers to pay for the values, and convert 
these payments into profits of the firm [20]. However, if a share of the 
added value of a new business model is captured from another model, 
this becomes an opportunity cost of the new model. If this cost is 
considerable, the net added value can be marginal, and, in the worst 
case, negative [52]. Thus, on an empirical basis, a significant aim of this 
study was to investigate whether the QEBMs in the Norwegian cod 
fisheries compete or complement each other. 
The Wild-caught Quality model increases the quality of the landings 
by using gentle gear as handline and longline, and thus addresses a 
major weakness of the traditional volume model. However, fishing is 
still seasonal, and the model is unable to meet the demand for fresh cod 
in summer and autumn (see Fig. 1). The Live storage model fit well with 
a major weakness of the Wild-caught Quality model, as the season is 
Fig. 3. Production volumes of QEBMs in 2002–2017. Source: The Norwegian Directorate of Fisheries.  
B.A. Bertheussen et al.                                                                                                                                                                                                                         
Marine Policy xxx (xxxx) xxx
7
extended. Moreover, the Live storage model provides high and stable 
quality, provided the storage length and feeding are performed properly. 
As a result, the model obtains a price premium by delivering just after 
the season is over (see Fig. 2). However, feeding and feed costs are issues 
[24]. When the demand is high and prices are at their best, it is difficult 
to maintain high quality over time and thus deliverability with 
short-term storage. The Farm raised model delivers high-quality fresh 
cod regardless of quotas, and the harvesting can be adapted to the wild 
catch season. However, high production costs are the main weakness of 
cod farming as early maturation, slow growth, and vulnerability to 
diseases cause high mortality [4]. Furthermore, a large proportion of 
small cod has to be sold, which pushes the prices down. Finally, the 
model is at high risk financially as a large amount of capital, which can 
be regarded as sunk cost, is tied up in costly specialized production 
facilities. 
Based on the above discussion, it seems reasonable to conclude that 
the QEBMs analyzed are not competing, but complementary. All models 
are designed to exploit at least one of the major weaknesses of the 
traditional Wild-caught Volume model, which is very modest landings of 
quality fish and a pronounced seasonal pattern. However, the volume of 
quality cod that each QEBM supplies is so modest (see Fig. 3) that there 
is no actual rivalry between them. In addition to the quality problem, 
two of the models (Live storage and Farm raised) also address the sea-
sonality issue. It turns out that the models extend the season for different 
periods of the year so that they do not pose a competitive threat to each 
other in this way either. This strengthens their sustainability. 
5.2. Growth potential 
Using production quantity as a measure of business model perfor-
mance and future growth potential, Fig. 3 shows that the Wild-caught 
Quality model is the dominant QEBM in the Norwegian cod industry 
as its production volume is more than five times that of the other models. 
The model has historically followed the fluctuations in the Norwegian 
cod quotas, and the pattern is expected to continue in the future. 
However, the fact that the model struggles to maintain its share of the 
cod quota compared to other types of gear, such as gill nets, Danish 
seine, and trawl nets [7] is worrying when it comes to the growth po-
tential of the model. Furthermore, the future potential of the model is 
restricted severely by a failure of the firsthand market in differentiating 
the prices of cod of good and poor quality [3]. 
The Farm raised model experienced strong growth from 2004 to 
2010 (see Fig. 3), before it almost collapsed as a result of technical 
production problems, increased quotas of wild cod, and the financial 
crisis in 2007–2009 [53]. As of today, this model does not seem to have a 
great future growth potential, despite continued public research efforts. 
The Live storage model has, after a very modest start, shown strong 
growth since 2013 (see Fig. 3). However, it is uncertain how long the 
quota bonus will continue and to what extent. The future growth po-
tential of the Live storage model is therefore uncertain. To sum up, the 
QEBMs discussed do not individually or together wind up as significant 
competitors to the volume model that dominates the Norwegian cod 
industry. This is in stark contrast to the Icelandic cod industry, which 
pursues a differentiation strategy by exporting high-priced whitefish 
fillets based on high-quality raw materials caught by handline and 
longline [39]. 
6. Concluding remarks 
This study has concluded that the QEBMs discussed are comple-
mentary and therefore make a good fit strategically. As a result, a firm 
can combine the models in a business model portfolio, hence forming a 
system of reinforcing synergetic activities. The portfolio can enhance 
individual activities and create unique and hard-to-imitate resources 
and capabilities, which in sum can lead to enhanced performance [51]. 
An additional business model may provide access to valuable assets that 
can strengthen the existing model. Both the Wild-caught Quality model 
and the Live storage model can share physical assets and technology 
with the traditional volume model. By sharing, a firm can harvest eco-
nomics of scope and eliminate redundancies [54]. Moreover, a firm can 
create cross-business model synergies through sharing valuable knowl-
edge and financial resources. Finally, multiple business models can help 
firms reduce risk by tapping into different revenue streams [55]. 
The main purpose of business model diversification is to enable a 
firm to maximize the yield from existing resources while developing 
capabilities that enhance their value across multiple activities [51]. 
Accordingly, it is important to assess whether a new business model 
helps maximize the use of the current resource base while simulta-
neously meeting a new and important customer need [21]. If successful, 
a firm can differentiate itself (e.g., by delivering high-quality cod) and 
generate cost efficiencies while also providing opportunities for risk 
reduction. Therefore, when implementing a new QEBM, a firm needs to 
ensure that the model is linked to the company’s existing distinctive 
capabilities [20,21]. 
In Norway, only active Norwegian fishermen are allowed to dispose 
of a quota and operate a fishing vessel (Participation Act of 1999). 
Accordingly, the post-harvest plants, which are in need of stable quality 
deliveries to operate profitably [56], are prohibited from engaging in 
fishing activities and integrate upstream vertically [57], limiting the 
opportunity to coordinate various levels in the value chain [58]. Thus, 
plants are not allowed to engage directly either in the Wild-caught 
Quality model or in the Live storage model. Moreover, the plants are 
operating in a highly competitive environment with significant eco-
nomic challenges, as the number of plants has been significantly reduced 
in recent decades [59]. However, Nilssen et al. [56] found that Nor-
wegian land plants that based their operation on high-quality input 
performed better than those who did not. The best companies chose a 
raw material strategy based on a large proportion of fresh raw materials 
delivered from handlines and longlines, as these firms were able to 
exploit the opportunity formed by the geographical proximity to rich 
fishing grounds. In line with these findings, it is important for the 
post-harvest plants to create strategic alliances with QEBMs, which can 
deliver fresh raw material of high quality as stably as possible 
throughout the year; that is, the Wild-caught Quality model and the Live 
storage model. However, in principle, it is even more important for the 
plants to establish a Farm raised model as such a model avoids the strict 
legislation that obstructs vertical integration in the industry [57]. 
However, engaging in a Farm raised model is an uncertain venture as it 
has proven very costly to be a first mover [53]. Thus, it may pay better 
off to move later [60] as there are still major problems in establishing a 
biological and economic sustainable business model in cod farming [4]. 
The vessel owners who operate with gill nets already possess the 
majority of resources and capabilities necessary to engage in the Wild- 
caught Quality model. They are operationally flexible [36] and can 
run multiple business models [18,20]. What is needed is to replace nets 
with handlines or longlines. Fishing with lines is, however, more labor 
intensive than fishing with nets. For a shift of model to be profitable, the 
fishermen must be paid extra for the superior quality of fish landed. As of 
today, the failure of the pricing mechanism in the firsthand market 
discourages a shift of gear. It is a political responsibility to correct the 
failure of the firsthand market. 
Moreover, only fishermen are allowed to engage in the Live storage 
model as the model requires a quota. Also, this model requires modest 
extra investments and the fishermen can shift between wild catch and 
live storage flexibly. However, the model incurs increased costs to catch 
and store the fish. They are nevertheless not compensated for the 
increased quality supplied by the market [3], but by public subsidies 
through a so-called quota bonus scheme [4]. 
Sogn-Grundvåg et al. [61] studied the firsthand market for frozen 
Norwegian cod sold at auctions. They found that line-caught cod 
(longline) achieved a price premium of 9.5% and 16.1%, measured 
against cod caught with a trawl and Danish seine, respectively. Auction 
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prices thus revealed a clear correlation between fish quality and price. 
This study therefore proposes, in line with Henriksen and Nyrud [3]; 
that auctions should be implemented also for fresh cod to curb the 
failure observed under the current market regime. Society suffers an 
economic loss if quality-based waste continues in the Norwegian cod 
industry [7]. It is thus important that the institutional framework en-
courages the emergence of QEBMs to gain maximum socioeconomic 
value creation. 
The authorities have means to create framework conditions for 
making QEBMs more attractive. They can allocate more live storage 
sites. They can distribute more quotas for both capture based aquacul-
ture and fishing methods that prioritize quality and harvesting out of 
season. They can lift quotas out of intensive seasonal periods to other 
parts of the year. They can organize the first-hand market so that 
intensive and low-quality catches are severely penalized in the first- 
hand market. They can distribute quotas to the post harvest part of 
the value system. However, there are several challenges with imple-
menting such institutional framework adjustments. The allocation of 
quotas must change, catch costs will increase, energy consumption in 
the catch and storing operation will increase, and end products must 
necessarily be more expensive. The political cost of such institutional 
changes indicate that they will hardly be implemented. This means that 
the most important incentive for QEBMs to be chosen is that customers 
are willing to bear the extra costs of quality products that can be 
delivered continuously – even in periods outside the traditional seasonal 
fisheries. 
6.1. Global seafood implications 
This paper addresses quality enhancement in the Norwegian cod 
industry by applying alternative business models. The findings, how-
ever, have some implications for global seafood production. According 
to the Barange et al. [2]; the growth in seafood production will occur in 
the Farm raised model. Our findings indicate some guidelines to choose 
the species for this model. High-value species with shortcomings in the 
wild-caught model related to poor stock management, low CPUE, 
quality problems, or seasonality in harvesting are promising candidates. 
Failures in the wild-caught model create a strategic opportunity for both 
the Farmed raised model and the Live storage model. The sustainability 
of the three models seem to depend on how well they perform in rela-
tionship to each other. The complementarity of the models, if applied to 
the best candidates, indicate a pathway to add both volume and value to 
seafood globally. 
6.2. Further development of the live storage model 
Further development is ongoing to extend the Live storage model 
into a catch-based aquaculture QEBM, as the long-term storage of cod is 
necessary to smooth out the cod season [24]. However, cod cannot be 
stored for longer than twelve weeks before being transferred to aqua-
culture facilities [26]. Thus, the firms need an aquaculture permit, 
which places considerably stricter requirements on the sites. Many sites 
are located close to the post-harvest processing plants and have diffi-
culty in fulfilling the requirements [62]. In addition to the regulations on 
long-term storage, feeding is mandatory to maintain the quality and to 
meet fish-welfare concerns. When the fish is fed, it also grows into 
higher price ranges. However, the feeding of cod is an issue that has 
implications for both short- and long-term storage [24]. It has proved 
challenging to feed wild-caught cod because a proportion of the fish 
refuses to eat. In particular, it has been challenging to adapt wild-caught 
cod to formulated feed. Formulated feed has several advantages over 
other feed types [63]. If the problem of developing a dry feed that works 
for wild-caught cod is solved, this would probably improve the feeding 
and growth of the fish and make catch-based aquaculture a promising 
path to higher quality, reduced seasonality, and increased profitability 
for the players [24]. 
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